I / pfZTT ^ 



I00300IQ .ISS&Oi 

9/050019 

sat RkM k?;: * 2 s ^ i 



CELL DEAT H RELATED DRUG TARGETS IN YEAST AN D FUNGI 

Field of the Invention 

The present invention relates to the identification of genes and proteins 
encoded thereof from yeast and fungi whose expression is modulated upon 
programmed cell death and which genes, proteins or functional fragments and 
equivalents thereof may be used as selective targets for drugs to treat infections 
caused by or associated with yeast and fungi or for the treatment of proliferative 
disorders or for the prevention of apoptosis in certain diseases. 



Background of the Invention 

This invention claims priority from International Application Publication No. WO 
01/02550 entitled "Cell Death Related Drug Targets in Yeast and Fungi", filed July 3, 
2000 which claims priority from EPO Patent Application No. 99870141.1, filed July 1 
1999, the contents of which are hereby incorporated by reference. 

Invasive fungal infections (e.g. Candida spp, Aspergillus spp., Fusarium spp., 
Zygomycetes spp.) (Walsh, 1992) have emerged during the past two decades as 
important pathogens causing formidable morbidity and mortality in an increasingly 
diverse and progressively expanding population of immunocompromised patients. 
Those with the acquired immune deficiency syndrome (AIDS) constitute the most 
rapidly growing group of patients at risk for life-threatening mycosis. But fungal 
infections have also increased in frequency in several populations of other susceptible 
hosts, including very-low-birth-weight infants, cancer patients receiving chemotherapy, 
organ transplant recipients, burn patients and surgical patients with complications. 

These fungal infections are not limited to humans and other mammals, but are 
also important in plants where they can cause diseases or cause the production of 
unwanted compounds (e.g. Fusarium spp., Aspergillus spp., Botritis spp., 
Cladosporium spp.). 

Although recent advances in antifungal chemotherapy have had an impact on 
these mycoses, expanding populations of immunocompromised patients will require 
newer approaches to antifungal therapy. The discovery of novel antifungal agents is 
thus an essential element of any new antifungal therapy. 

Classical approaches for identifying anti-fungal compounds have relied almost 
exclusively on inhibition of fungal or yeast growth as an endpoint. Libraries of natural 
products, semi-synthetic, or synthetic chemicals are screened for their ability to kill or 
arrest growth of the target pathogen or a related nonpathogenic model organism. 
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These tests are cumbersome and provide no information about a compound's 
mechanism of action. The promising lead compounds that emerge from such screens 
must then be tested for possible host-toxicity and detailed mechanism of action studies 
must subsequently be conducted to identify the affected molecular target. 
5 Cells from multicellular organisms can commit suicide in response to specific 

signals or injury by an intrinsic program of cell death. Apoptosis is a form of 
programmed cell death which leads to elimination of unnecessary or damaged cells. To 
survive, all cells from multicellular organisms depend on the constant repression of this 
suicide program by signals from other cells (Raff, 1992). It has been assumed that 
10 such an altruistic form of cell survival arose with multicellularity and would have been 
counterselected in unicellular organisms. Recent findings indicate, however, that a 
similar process of cell survival also operates in single-celled eukaryotes. 

It has been found that expression of the mammalian Sax gene triggers cell 
death in Saccharomyces cerevisiae and the fission yeast Schizosaccharomyces 
15 pombe with morphological changes similar to apoptosis (Jurgensmeier et a/., 1997). 
However, the mechanism of Bax lethality in S. cerevisiae remains unclear. 

Since it has been discovered that the mammalian Bax gene triggers apoptotic 
changes in yeast (Ligr et a/., 1998), this can be an indication that the molecular 
pathways eventually leading to programmed cell death may also be partially present in 
20 yeast cells and other unicellular eukaryotes. 

It is an aim of the present invention to provide nucleic acid as well as 
polypeptide sequences which represent potential molecular targets for the identification 
of new compounds which can be used in alleviating diseases or conditions associated 
with yeast or fungi infections. 
25 It is a further aim of the present invention to provide uses of these nucleic acid 

and amino acid molecules for the preparation of a medicament for treating diseases 
associated with yeast or fungi. 

It is also an aim of the invention to provide pharmaceutical compositions and 
vaccines comprising these nucleic acids or polypeptides. 
30 It is also an aim of the present invention to provide vectors comprising these 

nucleic acids, as well as host cells transfected or transformed with said vectors. 

It is also an aim of the invention to provide antibodies against these 
polypeptides, which can be used as such, or in a composition as a medicine for treating 
diseases associated with yeast and fungi. 
35 It is another aim of the invention to provide methods to selectively identify 

compounds capable of inhibiting or activating expression of such polypeptides in yeast 
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or fungi infections. The nucleic acid and polypeptide molecules alternatively can be 
incorporated into an assay or kit to identify these compounds. 

It is also an aim of the invention to provide a method of preventing infection with 
yeast or fungi. 

5 It is also an aim of the invention to provide probes and primers derived from the 

nucleic acid sequences of the invention. 

All the aims of the present invention have been met by the embodiments as set 
out below. 

Summary of the Invention 

10 The present inventors identified a range of specific nucleotide sequences which 

are involved in the molecular pathways eventually leading to programmed cell 
death. The present inventors were able to identify via macro array screening a range of 
genes involved in a pathway eventually leading to programmed cell death in the yeast 
Saccharomyces cerevisiae. As explained in Example 2, genes showing a difference of 

15 a factor 5 or more in expression as a result of Sax-induced cell death, were identified 
as differentially expressed candidate genes. Some of these genes are clearly down- 
regulated in a Sax-expressing strain, while other genes show an upregulated 
expression (Table 1). Example 3 describes a further experiment wherein the results of 
differential expression were analysed using the Pathways™ software and differentially 

20 expressed nucleic acid sequence were identified. 



FIGURE AND TABLE LEGENDS 
Figure 1. Saccharomyces cerevisiae sequences based on information obtained from 
the Saccharomyces Genome Database (SGD) (SEQ ID Nos 1 to 284) 
25 Figure 2. Candida albicans sequences (SEQ ID Nos 285 to 456). 

Figure 3 . Yeast genome macroarray containing a total of 6144 gene ORFs spotted 
on 2 nylon membrane filters. The filters are cut in the upper right corner for 
orientation and the DNA is on the labelled side of the filter. Each filter 
contains 2 fields and each field is divided into 8 grids, organised in 24 rows 
30 and 8 columns. 

The spots represent the genome wide expression profile without (A) and 
with (B) Sax modulated expression (Example 2). 
Figure 4. Results from a second experiment analogous and analysed as 
described in the examples section (Example 3). 

35 
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Detailed Description of the Invention 

According to a first embodiment, the invention relates to the use of a nucleic 
acid molecule encoding a polypeptide which is involved in a pathway eventually leading 
to programmed cell death of yeast or fungi and which nucleic acid sequence is selected 
5 from: 

(a) a nucleic acid encoding a protein having an amino acid sequence as represented in 
any of SEQ ID NOs 2, 4, 6, 8. 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 
38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 
82,84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 1 10, 1 12, 1 14, 1 16, 1 18, 

10 120, 122, 124, 126, 128, 130, 132, 134. 136, 138, 140, 142, 144, 146, 148, 150. 

152, 154. 156, 158. 160. 162. 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 
184. 186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 210, 212, 214. 
216, 218. 220, 222, 224, 226, 228, 230, 232, 234, 236. 238, 240, 242, 244, 246, 
248, 250, 252, 254, 256, 258, 260, 262, 264, 266, 268, 270, 272, 274, 276, 278, 

15 280, 282, 284, 286, 288, 290, 292, 294, 296, 298, 300, 302, 304, 306, 308, 310, 

312. 314, 316, 318, 320, 322, 324, 326, 328, 330, 332, 334, 336, 338, 340, 342, 
344, 346. 348. 350, 352, 354, 356, 358, 360, 362, 364, 366, 368, 370, 372, 374, 
376, 378, 380, 382, 384, 386, 388, 390, 392, 394. 396. 398, 400, 402, 404, 406, 
408, 410, 412, 414. 416, 418, 420, 422, 424, 426, 428, 430, 432, 434, 436, 438, 

20 440, 442, 444, 446, 448, 450, 452, 454. 456, 458. 460. 462, 464, 466, 468, 470, 

472. 474, 476, 478, 480, 482, or 484, or encoding a functional equivalent, 
derivative or bioprecursor of said protein; 

(b) a nucleic acid molecule encoding a protein having an amino acid sequence which 
is more than 70% similar, preferably more than 75% or 80% similar, more 

25 preferably more than 85%, 90% or 95% similar and most preferably more than 97% 

similar to any of the amino acid sequences shown in SEQ ID NOs 2, 4, 6, 8, 10, 12, 
14. 16. 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 
58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84. 86, 88, 90, 92, 94, 96, 98, 100, 
102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 

30 134, 136. 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, 164, 

166, 168, 170, 172. 174. 176, 178, 180. 182, 184, 186, 188. 190. 192. 194, 196, 
198. 200, 202, 204, 206, 208, 210, 212, 214, 216, 218, 220. 222, 224, 226, 228, 
230. 232, 234, 236. 238. 240, 242, 244, 246, 248, 250, 252, 254. 256. 258, 260, 
262, 264, 266, 268, 270, 272, 274. 276. 278, 280, 282, 284, 286, 288, 290, 292, 

35 294, 296, 298, 300. 302. 304. 306. 308, 310, 312, 314, 316. 318. 320. 322, 324, 

326, 328, 330. 332, 334, 336. 338, 340. 342, 344, 346, 348, 350, 352, 354, 356, 
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358. 360, 362, 364, 366, 368, 370, 372, 374, 376, 378. 380, 382. 384, 386, 388, 
390, 392. 394. 396. 398. 400, 402, 404, 406, 408, 410, 412, 414, 416, 418, 420, 
422, 424, 426, 428. 430. 432, 434, 436, 438. 440. 442, 444, 446, 448, 450, 452. 
454. 456. 458, 460, 462, 464, 466, 468, 470, 472. 474, 476, 478, 480. 482. or 484; 
5 (c) a nucleic acid molecule encoding a protein having an amino acid sequence which 
is more than 70% identical, preferably more than 75% or 80% identical, more 
preferably more than 85%, 90% or 95% identical and most preferably more than 
97% identical to any of the amino acid sequences shown in SEQ ID NOs 2, 4, 6, 8, 
10, 12, 14, 16. 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 

10 54, 56. 58, 60. 62, 64, 66. 68. 70. 72, 74, 76, 78. 80, 82, 84, 86, 88, 90, 92, 94, 96, 

98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 
132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, 
164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194. 
196. 198. 200, 202, 204, 206, 208, 210, 212, 214, 216, 218, 220, 222, 224, 226, 

15 228, 230, 232, 234, 236, 238, 240. 242. 244, 246, 248, 250, 252, 254, 256, 258, 

260, 262, 264, 266, 268. 270, 272, 274, 276, 278, 280, 282, 284, 286, 288, 290, 
292, 294, 296, 298, 300, 302, 304, 306, 308, 310, 312, 314, 316, 318, 320, 322. 
324, 326, 328, 330, 332, 334, 336, 338, 340, 342, 344, 346, 348, 350, 352, 354, 
356, 358, 360, 362, 364, 366, 368, 370, 372, 374, 376, 378, 380, 382, 384, 386, 

20 388, 390, 392, 394, 396, 398, 400, 402, 404, 406, 408, 410, 412, 414, 416, 418, 

420, 422, 424, 426, 428, 430, 432, 434, 436, 438, 440, 442, 444, 446, 448, 450, 
452, 454, 456, 458, 460, 462, 464, 466, 468. 470, 472, 474, 476, 478, 480, 482, or 
484; 

(d) a nucleic acid molecule comprising a sequence as represented in any of SEQ ID 
25 NOs 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 

45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 
89, 91, 93. 95, 97, 99, 101, 103, 105, 107, 109, 111, 113. 115, 117, 119. 121, 123, 
125, 127, 129, 131, 133, 135, 137, 139. 141, 143, 145, 147, 149, 151, 153, 155, 
157, 159, 161. 163. 165. 167, 169, 171, 173, 175, 177. 179, 181, 183, 185, 187, 
30 189, 191, 193, 195, 197, 199, 201, 203, 205, 207, 209, 211, 213. 215. 217, 219, 

221, 223, 225, 227, 229, 231, 233, 235, 237, 239, 241, 243, 245, 247, 249, 251, 
253, 255. 257, 259, 261. 263, 265. 267. 269. 271. 273. 275, 277, 279, 281, 283. 
285, 287, 289, 291, 293, 295, 297, 299, 301, 303, 305. 307, 309, 311, 313, 315, 
317, 319, 321. 323, 325, 327, 329, 331, 333, 335, 337, 339, 341. 343, 345, 347, 
35 349, 351, 353, 355, 357, 359, 361, 363. 365, 367, 369, 371, 373, 375, 377, 379, 

381, 383, 385, 387, 389. 391, 393, 395, 397, 399, 401, 403, 405, 407, 409, 411, 
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413, 415, 417, 419, 421, 423, 425, 427, 429, 431, 433, 435, 437, 439, 441, 443, 
445, 447, 449, 451, 453 or 455; 
(e) a nucleic acid sequence which is more than 70% identical, preferably more than 75 
or 80% identical, more preferably more than 85%, or 90% or 95% identical and 
5 most preferably more than 97% identical to any of the nucleic acid sequences 

shown in SEQ ID NOs 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 
35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 
79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105, 107, 109, 111, 113, 115, 
117, 119, 121, 123, 125, 127, 129, 131, 133, 135, 137, 139, 141, 143, 145, 147, 
10 149, 151, 153, 155, 157, 159, 161, 163, 165, 167, 169, 171, 173, 175, 177, 179, 

181, 183, 185, 187, 189, 191, 193, 195, 197, 199, 201, 203, 205, 207, 209, 211, 
213, 215, 217, 219, 221, 223, 225, 227, 229, 231, 233, 235, 237, 239, 241, 243, 
245, 247, 249, 251, 253, 255, 257, 259, 261, 263, 265, 267, 269, 271, 273, 275, 
277, 279, 281, 283, 285, 287, 289, 291, 293, 295, 297, 299, 301, 303, 305, 307, 
15 309, 311, 313, 315, 317, 319, 321, 323, 325, 327, 329, 331, 333, 335, 337, 339, 

341, 343, 345, 347, 349, 351, 353, 355, 357, 359, 361, 363, 365, 367, 369, 371, 
373, 375, 377, 379, 381, 383, 385, 387, 389, 391, 393, 395, 397, 399, 401, 403, 
405, 407, 409, 411, 413, 415, 417, 419, 421, 423, 425, 427, 429, 431, 433, 435, 
437, 439, 441 , 443, 445, 447, 449, 451 , 453 or 455; 
20 (f) a nucleic acid sequence encoding a functional fragment of any of the nucleic acid 
sequences as specified in a) to e); and 
(g) the complement of any of the nucleic acid sequences as specified in a) to f), 
for the preparation of a medicament for treating diseases associated with yeast or 
fungi. 

25 Sequence similarity searches were performed using the BLAST software 

package version 2. Identity and similarity percentages were calculated using 
BLOSUM62 as a scoring matrix. 

As known in the art, "similarity" between two polypeptides is determined by 
comparing the amino acid sequence and its conserved amino acid substitutes of one 

30 polypeptide to the sequence of a second polypeptide. Moreover, also known in the art 
is "identity" which means the degree of sequence relatedness between two polypeptide 
or two polynucleotide sequences as determined by the identity of the match between 
two strings of such sequences. Both identity and similarity can be readily calculated. 
While there exist a number of methods to measure identity and similarity between two 

35 polynucleotide or polypeptide sequences, the terms "identity" and "similarity" are well 
known to skilled artisans (Carillo and Lipton, 1988). Methods commonly employed to 
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determine identity or similarity between two sequences include, but are not limited to, 
those disclosed in "Guide to Huge Computers (Bishop, 1994) and Carillo and Upton 
(1988). Preferred methods to determine identity are designed to give the largest match 
between the two sequences tested. Methods to determine identity and similarity are 
5 codified in computer programs. Preferred computer program methods to determine 
identity and similarity between two sequences include, but are not limited to, GCG 
program package (Devereux et a/., 1984), BLASTP, BLASTN and FASTA (Altschul et 
a/, 1990). 

The nucleic acid sequences to be used according to this aspect of the invention 

10 from Saccharomyces cerevisiae are defined in SEQ ID NOs 1, 3, 5, 7, 9, 11, 13, 15, 
17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 
63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105, 
107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131, 133, 135, 137, 139, 
141, 143, 145, 147, 149, 151, 153, 155, 157, 159, 161, 163, 165, 167, 169, 171, 173, 

15 175, 177, 179, 181, 183, 185, 187, 189, 191, 193, 195, 197, 199, 201, 203, 205, 207, 
209, 211, 213, 215, 217, 219, 221, 223, 225, 227, 229, 231, 233, 235, 237, 239, 241, 
243, 245, 247, 249, 251, 253, 255, 257, 259, 261, 263, 265, 267, 269, 271, 273, 275, 
277, 279, 281, 283, 457, 459, 461, 463, 465, 467, 469, 471 and 473 . 

The invention also relates to nucleic acid sequences from Candida albicans, as 

20 represented by the SEQ ID NOs 285, 287, 289, 291, 293, 295, 297, 299, 301, 303, 
305, 307, 309, 311, 313, 315, 317, 319, 321, 323, 325, 327, 329, 331, 333, 335, 337, 
339, 341, 343, 345, 347, 349, 351, 353, 355, 357, 359, 361, 363, 365, 367, 369, 371, 
373, 375, 377, 379, 381, 383, 385, 387, 389, 391, 393, 395, 397, 399, 401, 403, 405, 
407, 409, 411, 413, 415, 417, 419, 421, 423, 425, 427, 429, 431, 433, 435, 437, 439, 

25 441 , 443, 445, 447, 449, 451 , 453, 455, 475, 477, 479, 481, and 483. 

The expression "a pathway eventually leading to programmed cell death" refers 
to a sequence of steps ultimately leading to cell death and which can be triggered at 
various steps in this pathway by various agents, such as Bax, Bak, CED4, hydrogen 
peroxide, diamide and famesol. 

30 The yeast or fungi according to the invention may be, but are not restricted to, 

pathogenic yeast or fungi. As such, yeast or fungi may cause infections in healthy 
individuals as well as in immunocompromised patients. 

The expression "treating diseases associated with yeast and fungi" not only 
refers to diseases or infections caused by said organisms but also refers to allergic 

35 reactions caused by said organisms, such as the so-called "professional diseases" in, 
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for instance, bakery and brewery and that are caused by yeast or fungi which are 
commonly known as "non-pathogenic". 

The invention further relates to the use of nucleic acid sequence homologues of 
SEQ ID NOs 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 
5 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 
89, 91, 93, 95, 97, 99, 101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 
127, 129, 131, 133, 135, 137, 139, 141, 143, 145, 147, 149, 151, 153, 155, 157, 159, 
161, 163, 165, 167, 169, 171, 173, 175, 177, 179, 181, 183, 185, 187, 189, 191, 193, 
195, 197, 199, 201, 203, 205, 207, 209, 211, 213, 215, 217, 219, 221, 223, 225, 227, 

10 229, 231, 233, 235, 237, 239, 241, 243, 245, 247, 249, 251, 253, 255, 257, 259, 261, 
263, 265, 267, 269, 271, 273, 275, 277, 279, 281, 283, 285, 287, 289, 291, 293, 295, 
297, 299, 301, 303, 305, 307, 309, 311, 313, 315, 317, 319, 321, 323, 325, 327, 329, 
331, 333, 335, 337, 339, 341, 343, 345, 347, 349, 351, 353, 355, 357, 359, 361, 363, 
365, 367, 369, 371, 373, 375, 377, 379, 381, 383, 385, 387, 389, 391, 393, 395, 397, 

15 399, 401, 403, 405, 407, 409, 411, 413, 415, 417, 419, 421, 423, 425, 427, 429, 431, 
433, 435, 437, 439, 441, 443, 445, 447, 449, 451, 453, 455, 457, 459, 461, 463, 465, 
467, 469, 471, 473, 475, 477, 479, 481 or 483 but isolated from other yeast and fungi 
strains which are also involved in a pathway eventually leading to programmed cell 
death. 

20 According to the invention, these sequences and their homologues in other 

yeast and fungi as well as the polypeptides which they encode represent novel 
molecular targets which can be incorporated into an assay to selectively identify 
compounds capable of inhibiting or activating expression of such polypeptides. 
Furthermore, the invention also relates to the potential use of said sequences in 

25 alleviating diseases or conditions associated with yeast or fungi infections, such as 
diseases caused by Candida spp., Aspergillus spp., Microsporum spp., Trichophyton 
spp., Fusarium spp., Zygomycetes spp., Botritis spp., Cladosporium spp., Malassezia 
spp., Epidermophyton floccosum, Blastomyces dermatitidis, Coccidioides immitis, 
Histoplasma capsulatum, Paracoccidioides brasiliensis, Cryptococcus neoformans, 

30 and Sporothrix schenckii. 

According to another embodiment, the invention also relates to a nucleic acid 
sequence encoding a polypeptide which is involved in a pathway eventually leading to 
programmed cell death of yeast or fungi selected from: 

(a) a nucleic acid encoding a protein having an amino acid sequence as represented in 
35 any of SEQ ID NOs 286, 288, 290, 292, 296, 298, 300, 302, 304, 306, 308, 310, 

312, 316, 318, 320, 322, 324, 326, 328, 330, 332, 338, 342, 344, 346, 348, 352, 



10030019 « 12S6Q1 



9 

354, 356, 358, 360, 362, 364, 366. 368, 370, 372, 374, 376, 380, 382, 384, 386, 
388, 390, 392, 394. 398, 402, 404. 406, 408, 410, 412, 416, 418, 422, 424, 426, 
428, 430. 432, 434. 436, 438, 440, 442, 444, 446, 448, 450, 452, 454, 476, 478, 
480, 482 or 484. or encoding a functional equivalent, derivative or bioprecursor of 
5 said protein; 

(b) a nucleic acid molecule encoding a protein having an amino acid sequence which 
is more than 70% similar, preferably more than 75% or 80% similar, more 
preferably more than 85%, 90% or 95% similar and most preferably more than 97% 
similar to any of the amino acid sequences shown in SEQ ID NOs 286, 288, 290, 

10 292, 296, 298, 300, 302, 304, 306, 308, 310, 312. 316, 318, 320. 322. 324, 326, 

328, 330, 332, 338, 342. 344, 346, 348, 352, 354, 356, 358, 360, 362, 364, 366, 
368, 370, 372, 374, 376, 380, 382, 384, 386, 388, 390. 392, 394, 398, 402, 404, 
406, 408, 410, 412, 416, 418, 422, 424, 426, 428, 430, 432, 434, 436, 438. 440. 
442. 444. 446, 448, 450, 452, 454, 476, 478, 480, 482 or 484; 

15 (c) a nucleic acid molecule encoding a protein having an amino acid sequence which 
is more than 70% identical, preferably more than 75% or 80% identical, more 
preferably more than 85%, 90% or 95% identical and most preferably more than 
97% identical to any of the amino acid sequences shown in SEQ ID NOs 286, 288, 
290, 292. 296, 298, 300, 302, 304, 306, 308, 310, 312, 316, 318, 320, 322, 324, 

20 326, 328, 330, 332, 338, 342, 344, 346, 348, 352, 354, 356, 358, 360, 362, 364, 

366, 368, 370, 372, 374, 376, 380, 382, 384, 386, 388, 390, 392, 394. 398, 402, 
404, 406, 408, 410, 412, 416, 418. 422, 424, 426, 428, 430, 432, 434, 436, 438, 
440, 442, 444, 446, 448, 450, 452, 454, 476, 478, 480, 482 or 484; 

(d) a nucleic acid molecule comprising a sequence as represented in any of SEQ ID 
25 NO 285, 287, 289, 291, 293, 295. 297. 299, 301, 303, 305, 307, 309, 311, 313, 

315, 317, 319, 321, 323, 325, 327, 329, 331, 333, 335, 337, 339, 341, 343, 345, 
347, 349, 351, 353, 355, 357, 359, 361, 363, 365, 367, 369, 371, 373. 375, 377, 
379, 381, 383, 385, 387, 389, 391, 393, 395, 397, 399. 401, 403, 405, 407, 409, 
411, 413. 415. 417, 419, 421, 423, 425, 427, 429, 431, 433, 435, 437, 439, 441, 
30 443, 445, 447, 449, 451 , 453, 455, 475, 477, 479, 481 or 483; 

(e) a nucleic acid sequence which is more than 70% identical, preferably more than 
75% or 80% identical, more preferably more than 85%, 90% or 95% identical and 
most preferably more than 97% identical to any of the nucleic acid sequences 
shown in SEQ ID NO 285, 287, 289, 291, 293, 295, 297, 299, 301, 303, 305, 307, 

35 309, 311. 313, 315, 317, 319, 321, 323, 325, 327, 329, 331, 333, 335, 337, 339, 

341, 343, 345, 347, 349, 351, 353, 355, 357, 359, 361, 363, 365, 367, 369, 371, 
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373, 375, 377, 379, 381, 383, 385, 387, 389, 391, 393, 395, 397, 399, 401, 403, 
405, 407, 409, 411, 413, 415, 417, 419, 421, 423, 425, 427, 429, 431, 433, 435, 
437, 439, 441, 443, 445, 447, 449, 451, 453, 455, 475, 477, 479, 481 or 483; and, 

(f) a nucleic acid sequence encoding a functional fragment of any of the nucleic acid 
5 sequences as specified in a) to e), and 

(g) the complement of any of the nucleic acid sequences as specified in a) to f). 
According to a more specific embodiment, these nucleic acid sequences are 

derived from Saccharomyces cerevisiae, Candida albicans or Aspergillus fumigatus. 

A nucleic acid sequence according to the invention may comprise an mRNA 
1 0 sequence or alternatively a DNA sequence and preferably a cDNA sequence. A nucleic 
acid sequence according to the invention may also comprise any modified nucleotide 
known in the art. 

The present invention further relates to a nucleic acid molecule capable of 
selectively hybridising to at least one of the nucleic acid molecules according to the 
1 5 invention, or the complement thereof. 

The term "selectively hybridising" or "specifically hybridising means hybridising 
under conditions wherein sequences can be detected which are homologues of the 
sequences of the invention, but which are for instance derived from heterologous cells 
or organisms, and wherein said sequences do not hybridize with known sequences. In 
20 a preferred embodiment, mammalian homologues can be detected. It is well known to 
the person skilled in the art which methods for hybridisation can be used and which 
conditions are necessary for selectively or specifically hybridising. Preferably, 
hybridization under high stringency conditions can be applied (Sambrook et al., 1989). 
As such, the present invention also relates to the use of the nucleic acid 
25 sequences of the invention for detecting homologues in heterologous organisms 
including but not limited to mammalian organisms. 

The term "nucleic acid sequence" also includes the complementary sequence 
to any single stranded sequence given, or the antisense version thereof. 

The invention also relates to mRNA, DNA or cDNA versions of the nucleic acid 
30 molecules of the invention. 

The present invention more particularly relates to an antisense molecule 
comprising a nucleic acid sequence capable of hybridizing to any of the above defined 
nucleic acid sequences. 

Polynucleotides according to the invention may be inserted into vectors in an 
35 antisense orientation in order to provide for the production of antisense RNA. Antisense 
RNA or other antisense nucleic acids may also be produced by synthetic means. 
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The present invention also advantageously provides nucleic acid sequences of 
at least approximately 10 contiguous nucleotides of a nucleic acid according to the 
invention and preferably from 10 to 50 nucleotides. These sequences may, 
advantageously be used as probes or primers to initiate replication, or the like. Such 
5 nucleic acid sequences may be produced according to techniques well known in the 
art, such as by recombinant or synthetic means. The probes will hybridise specifically 
with any of the nucleic acid molecules of the invention. The primers will specifically 
amplify any of the nucleic acid molecules of the invention. 

The probes or primers according to the invention may also be used in 

10 diagnostic kits or the like for detecting the presence of a nucleic acid according to the 
invention. These tests generally comprise contacting the probe with the sample under 
hybridising conditions and detecting the presence of any duplex or triplex formation 
between the probe and any nucleic acid in the sample. 

According to the present invention these probes may be anchored to a solid 

15 support. Preferably, they are present on an array so that multiple probes can 
simultaneously hybridize to a single biological sample. The probes can be spotted onto 
the array or synthesized in situ on the array. (Lockhart et a/., 1996). A single array can 
contain more than 100, 500 or even 1,000 different probes in discrete locations. Such 
arrays can be used to screen for compounds interacting with said probes. 

20 Advantageously, the nucleic acid sequences, according to the invention may be 

produced using recombinant or synthetic means, such as for example using PCR 
cloning mechanisms which generally involve making a pair of primers, which may be 
from approximately 10 to 50 nucleotides to a region of the gene which is desired to be 
cloned, bringing the primers into contact with mRNA, cDNA, or genomic DNA from the 

25 yeast or fungal cell, performing a polymerase chain reaction under conditions which 
bring about amplification of the desired region, isolating the amplified region or 
fragment and recovering the amplified DNA. Generally, such techniques as defined 
herein are well known in the art, such as described in Sambrook et ai (1989). These 
techniques can be used to clone homologues of the nucleic acid sequences of the 

30 invention in other organisms. 

The nucleic acids or oligonucleotides according to the invention may carry a 
revealing label. Suitable labels include radioisotopes such as 32 P, ^P or 35 S, enzyme 
labels or other protein labels such as biotin or fluorescent markers. Such labels may be 
added to the nucleic acids or oligonucleotides of the invention and may be detected 

35 using techniques known in the art. 
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According to another embodiment of the invention, the nucleic acid sequences 
according to the invention as defined above may, advantageously, be included in a 
suitable expression vector which may be transformed, transfected or infected into a 
host cell In such an expression vector the nucleic acid is operably linked to a control 
5 sequence, such as a suitable inducible promotor, or the like, to ensure expression of 
the proteins according to the invention in a suitable host cell. The expression vector 
may also comprise a reporter molecule. The expression vector may advantageously be 
a plasmid, cosmid, virus or other suitable vector which is known to those skilled in the 
art. The expression vector and the host cell defined herein also form part of the present 

10 invention. Preferably the host cell is a lower eukaryotic cell such as a yeast cell or a 
fungal cell. Yeast and fungal cells are particularly advantageous because they provide 
the necessary post-translational modifications to the expressed proteins of the 
invention, similar to those of the natural proteins from which they are derived. These 
modifications confer optimal conformation of said proteins, which when isolated may 

1 5 advantageously be used in kits, methods or the like. 

The invention further relates to any nucleic acid as defined above for use as a 
medicament 

Nucleotide sequences according to the invention are particularly advantageous 
for providing selective therapeutic targets for treating yeast or fungi-associated 
20 infections. For example, an antisense nucleic acid capable of binding to the nucleic 
acid sequences according to the invention may be used to selectively inhibit expression 
of the corresponding polypeptides, leading to impaired growth or death of yeast and 
fungi with reductions of associated illnesses or diseases. 

According to another embodiment, the invention also relates to the use of a 
25 polypeptide which is involved in a pathway eventually leading to programmed cell 
death of yeast or fungi, said polypeptide being selected from : 
(a) a protein having an amino acid sequence as represented in any of SEQ ID NOs 2, 
4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 
50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 
30 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 

128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158, 
160, 162, 164, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 
192, 194, 196, 198, 200, 202, 204, 206, 208, 210, 212, 214, 216, 218, 220, 222, 
224, 226, 228, 230, 232, 234, 236, 238, 240, 242, 244, 246, 248, 250, 252, 254, 
35 256, 258, 260, 262, 264, 266, 268, 270, 272, 274, 276, 278, 280, 282, 284, 286, 

288, 290, 292, 294, 296, 298, 300, 302, 304, 306, 308, 310, 312, 314, 316, 318, 

I 
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320, 322. 324, 326. 328, 330, 332, 334, 336, 338. 340, 342, 344. 346. 348, 350, 
352. 354. 356. 358. 360, 362, 364, 366, 368, 370, 372, 374. 376, 378, 380. 382. 
384. 386, 388, 390, 392, 394, 396, 398, 400, 402, 404, 406, 408, 410, 412, 414, 
416, 418, 420. 422. 424, 426, 428, 430, 432, 434, 436, 438, 440, 442, 444, 446, 
448. 450. 452, 454, 456. 458. 460. 462. 464, 466, 468. 470, 472. 474. 476. 478. 
480, 482. or 484, or encoding a functional equivalent, derivative or bioprecursor of 
said protein; 

a protein having an amino acid sequence which is more than 70% similar, 
preferably more than 75% or 80% similar, more preferably more than 85%, 90% or 
95% similar and most preferably more than 97% similar to any of the amino acid 
sequences shown in SEQ ID NOs 2, 4, 6, 8, 10. 12, 14, 16, 18. 20. 22. 24. 26, 28, 
30, 32, 34, 36, 38, 40. 42. 44. 46. 48, 50. 52, 54, 56, 58. 60, 62, 64, 66, 68, 70, 72, 
74, 76, 78, 80. 82. 84. 86, 88, 90. 92, 94. 96, 98. 100. 102, 104, 106, 108, 110, 112, 
114, 116, 118, 120. 122. 124. 126. 128. 130, 132, 134, 136, 138, 140, 142, 144, 
146, 148, 150, 152, 154, 156, 158, 160, 162, 164. 166. 168. 170. 172. 174. 176, 
178, 180, 182, 184. 186. 188. 190. 192. 194. 196. 198. 200, 202, 204, 206, 208, 
210, 212. 214. 216, 218. 220. 222. 224. 226. 228, 230, 232. 234, 236, 238, 240, 
242, 244. 246. 248, 250. 252. 254. 256. 258, 260, 262, 264, 266, 268, 270, 272, 
274, 276, 278, 280, 282, 284, 286, 288, 290, 292, 294, 296, 298, 300, 302, 304, 
306. 308. 310, 312, 314, 316, 318, 320, 322, 324, 326, 328, 330, 332, 334, 336, 
338. 340, 342, 344, 346, 348, 350, 352, 354, 356, 358, 360, 362, 364, 366, 368, 
370, 372, 374, 376, 378, 380, 382, 384, 386, 388, 390, 392, 394, 396, 398, 400, 
402, 404, 406, 408, 410, 412, 414, 416, 418, 420, 422, 424. 426. 428. 430. 432, 
434, 436, 438, 440, 442, 444, 446, 448, 450, 452, 454, 456, 458. 460. 462. 464, 
466, 468, 470, 472, 474, 476, 478, 480, 482, or 484; 

a protein having an amino acid sequence which is more than 70% identical, 
preferably more than 75% or 80% identical, more preferably more than 85%, 90% 
or 95% identical and most preferably more than 97% identical to any of the amino 
acid sequences shown in SEQ ID NOs 2. 4. 6, 8. 10, 12. 14, 16, 18, 20, 22, 24, 26, 
28, 30, 32, 34. 36, 38. 40. 42. 44. 46. 48. 50. 52. 54, 56. 58. 60. 62, 64. 66, 68, 70, 
72, 74, 76, 78, 80, 82, 84, 86. 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 
112, 114, 116, 118, 120. 122. 124. 126, 128. 130. 132, 134. 136, 138. 140, 142, 
144, 146, 148. 150. 152. 154. 156. 158. 160. 162, 164, 166, 168, 170, 172, 174, 
176. 178, 180, 182, 184, 186. 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, 
208. 210, 212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 
240, 242, 244, 246, 248, 250, 252, 254, 256, 258, 260, 262. 264, 266, 268, 270, 
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272, 274, 276, 278, 280, 282, 284, 286, 288, 290, 292, 294, 296, 298, 300, 302, 
304, 306, 308, 310, 312, 314, 316, 318, 320, 322, 324, 326, 328, 330, 332, 334, 
336, 338, 340, 342, 344, 346, 348, 350, 352, 354, 356, 358, 360, 362, 364, 366, 
368, 370, 372, 374, 376, 378, 380, 382, 384, 386, 388, 390, 392, 394, 396, 398, 
5 400, 402, 404, 406, 408, 410, 412, 414, 416, 418, 420, 422, 424, 426, 428, 430, 

432, 434, 436, 438, 440, 442, 444, 446, 448, 450, 452, 454, 456, 458, 460, 462, 
464, 466, 468, 470, 472, 474, 476, 478, 480, 482, or 484; and, 
(d) a functional fragment of any of said proteins as defined in a) to c), 
for the preparation of a medicament for treating diseases associated with yeast or 
10 fungi. 

The term "functional fragment" of a protein means a truncated version of the 
original protein or polypeptide referred to. The truncated protein sequence can vary 
widely in length; the minimum size being a sequence of sufficient size to provide a 
sequence with at least a comparable function and/or activity of the original sequence 

15 referred to, while the maximum size is not critical. In some applications, the maximum 
size usually is not substantially greater than that required to provide the desired activity 
and/or function(s) of the original sequence. A functional fragment can also relate to a 
subunit with similar function as said protein. Typically, the truncated amino acid 
sequence will range from about 5 to about 60 amino acids in length. More typically, 

20 however, the sequence will be a maximum of about 50 amino acids in length, 
preferably a maximum of about 60 amino acids. It is usually desirable to select 
sequences of at least about 10, 12 or 15 amino acids. 

Functional fragments include those comprising an epitope which is specific or 
unique for the proteins according to the invention. Epitopes may be determined using, 

25 for example, peptide scanning techniques as described in Geysen et al. (1996). 
Preferred functional fragments have a length of at least, for example, 5, 10, 25, 50, 75, 
100, 125, 150, 175 or 200 amino acids. 

The polypeptides to be used according to this aspect of the invention from 
Saccharomyces cerevisiae, are represented by SEQ ID NOs 2, 4, 6, 8, 10, 12, 14, 16, 

30 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 
64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 
108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 
142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, 164, 166, 168, 170, 172, 174, 
176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 

35 210, 212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242, 
244, 246, 248, 250, 252, 254, 256, 258, 260, 262, 264, 266, 268, 270, 272, 274, 276, 
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278, 280, 282, 284, 458, 460, 462, 464, 466, 468, 470, 472 and 474 . Also according to 
the invention is the use of the polypeptides from Candida albicans as represented by 
the SEQ ID NOs 286, 288, 290, 292, 294, 296, 298, 300, 302, 304, 306, 308, 310, 
312, 314, 316, 318, 320, 322, 324, 326, 328, 330, 332, 334, 336, 338, 340, 342, 344, 
5 346, 348, 350, 352, 354, 356, 358, 360, 362, 364, 366, 368, 370, 372, 374, 376, 378, 
380, 382, 384, 386, 388, 390, 392, 394, 396, 398, 400, 402, 404, 406, 408, 410, 412, 
414, 416, 418, 420, 422, 424, 426, 428, 430, 432, 434, 436, 438, 440, 442, 444, 446, 
448, 450, 452, 454, 456, 476, 478, 480, 482 and 484. 

The polypeptide or protein according to the invention may also include variants 
10 of any of the polypeptides of the invention as specified above having conservative 
amino acid changes. 

The nucleic acid molecules or the polypeptides of the invention may be 
provided in a pharmaceutical^ acceptable carrier, diluent or excipient therefor. 

The present invention also relates to a vaccine for immunizing a mammal 
15 against infections caused by yeast and fungi comprising at least one (recombinant) 
nucleic acid molecule or at least one (recombinant) polypeptide of the invention in a 
pharmaceutical^ acceptable carrier. 

Pharmaceutically acceptable carriers include any carrier that does not itself 
induce the production of antibodies harmful to the individual receiving the composition. 
20 Suitable carriers are typically large, slowly metabolizing macromolecules such as 
proteins, polysaccharides, polylactic acids, polyglycolic acids, polymeric amino acids, 
amino acid copolymers; and inactive virus particles. Such carriers are well known to 
those of ordinary skill in the art. 

A "vaccine" is an immunogenic composition capable of eliciting protection 
25 against infections caused by yeast or fungi, whether partial or complete. A vaccine may 
also be useful for treatment of an individual, in which case it is called a therapeutic 
vaccine. 

Said vaccine compositions may include prophylactic as well as therapeutic 
vaccine compositions. 

30 The term "therapeutic" refers to a composition capable of treating infections 

caused by yeast or fungi. 

Some of the pathways leading to apoptosis are conserved between mammalian 
cells and yeast or fungi. Therefore, targets which are part of such a conserved pathway 
may be used to stimulate or inhibit the apoptosis in mammalian cells. E.g. stimulation 

35 of apoptosis is desirable in the treatment of tumor cells/tissues. 
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According to another embodiment, the present invention provides a method of 
identifying compounds which selectively inhibit, induce or interfere with the 
expression/production of the polypeptides encoded by the nucleotide sequences of the 
invention, or compounds which selectively inhibit, activate or interfere with the 
5 functionality of polypeptides expressed from the nucleotide sequences according to the 
invention, or which selectively inhibit, induce or interfere with the metabolic pathways in 
which these polypeptides are involved. Compounds may carry agonistic or antagonistic 
properties. The compounds to be screened may be of extracellular, intracellular, 
biologic or chemical origin. 

10 Such a screening method may comprise the following steps (a) contacting a 

compound to be tested with cells having a mutation which results in overexpression or 
underexpression of at least one of the polypeptides as defined in claim 2, in addition to 
contacting wild type cells with said compound, (b) monitoring the growth, death rate or 
activity of said mutated cells compared to said wild type cells; wherein differential 

15 growth or activity of said mutated cells is indicative of selective action of said 
compound on a polypeptide in the same or a parallel pathway, (c) alternatively 
monitoring the growth, death rate or activity of said mutated cells compared to mutated 
cells which were not contacted with the compound to be tested, wherein differential 
growth or activity of said mutated yeast of fungi cells is indicative of selective action of 

20 said compound on a polypeptide in the same or a parallel pathway, (d) alternatively 
monitoring changes in morphologic and/or functional properties of components in said 
mutated cells caused by the addition of the compound to be tested. 

The term "cells" as used above relates to any type of cells such as, but not 
limited to bacterial, yeast, fungal, plant or human cells. 

25 Compounds found using this approach may additionally be tested on their 

efficiency in killing or inhibiting the growth of wild type cells in order to confirm their 
utility as medicament for treating wild type pathogenic strains/tumor cells. 

According to the invention, the term "mutation" includes point mutations, 
deletions, insertions, duplications or any modification in the nucleic acid encoding said 

30 polypeptide, or at a different location in the genome of said cells, influencing the 
expression of said nucleic acid or polypeptide. In case point mutations occur, the 
number of nucleotides will be identical compared to the original sequence; only a 
change in nucleotide sequence can be observed. This stands in contrast with the other 
listed mutations where the number of the nucleotides will be different from the number 

35 observed in the wild type sequence and consequently will also reflect in a change of 
the nucleotide sequence. 
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Changes in morphologic and/or functional properties of cell components which 
can be monitored include for example morphological and molecular changes such as 
abnormal cell morphology, nuclear fragmentation, DNA breakage or changes in the 
expression of certain enzymes such as caspases, as well as monitoring changes in 
5 membrane potential or activity of mitochondria and release of cytochrome c from 
mitochondria. All these changes can be monitored on the whole cell which is contacted 
to the compound to be tested. 

The invention also relates to a method of identifying compounds which 
selectively modulate expression or functionality of polypeptides involved in a pathway 

10 eventually leading to programmed cell death of yeast and fungi or in metabolic 
pathways in which said polypeptides are involved, which method comprises (a) 
contacting a compound to be tested with yeast or fungal cells transformed, transfected 
or infected with an expression vector comprising an antisense sequence of at least one 
of the nucleic acid sequences as defined in claim 1, which expression results in 

1 5 underexpression of said polypeptide, in addition to contacting one or more wild type 
cells with said compound, (b) monitoring the growth, death rate or activity of said 
transformed, transfected or infected cells compared to said wild type cells; wherein 
differential growth or activity of said transformed, transfected or infected yeast or fungal 
cells is indicative of selective action of said compound on a polypeptide in the same or 

20 a parallel pathway, (c) alternatively monitoring the growth, death rate or activity of said 
transformed, transfected or infected cells compared to transformed, transfected or 
infected cells which were not contacted with the compound to be tested, wherein 
differential growth or activity of said mutated yeast or fungi cells is indicative of 
selective action of said compound on a polypeptide in the same or a parallel pathway, 

25 (d) alternatively monitoring changes in morphologic and/or functional properties of 
components in said transformed, transfected or infected cells caused by the addition of 
the compound to be tested. 

Alternative methods for identifying compounds which selectively modulate 
expression or functionality of polypeptides involved in a pathway eventually leading to 

30 programmed cell death of yeast or fungi or in metabolic pathways in which said 
compounds are involved, may comprise the use of any other method known in the art 
resulting in gene activation, gene inactivation, gene modulation or gene silencing. 

The invention also relates to a method of identifying compounds which 
selectively modulate expression of polypeptides which are involved in a pathway 

35 eventually leading to programmed cell death of yeast or fungi which method comprises 
(a) contacting host cells transformed, transfected or infected with an expression vector 
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comprising a promoter sequence of a nucleic acid molecule as defined in claim 1 joined 
in frame with a reporter gene and (b) monitoring increased or decreased expression of 
said reporter gene caused by the addition of the compound being tested. This enables 
to analyse the influence of the compound onto all/most aspects of transcriptional 
5 activation. Alternatively additional tests can routinely be performed to test the influence 
of the compound onto mRNA stability, translation and protein stability. All these 
aspects influence the concentration of corresponding proteins and consequently 
influence the effect of these on the metabolism of the cell. 

The invention further relates to a method of identifying compounds which bind 

10 to or modulate the properties of polypeptides which are involved in a pathway 
eventually leading to programmed cell death of yeast or fungi, which method comprises 
(a) contacting a compound to be tested with at least one of the polypeptides as defined 
in claim 2, (b) detecting the complex formed between the compound to be tested and 
said polypeptide, (c) alternatively, examining the diminution/increase of complex 

15 formation between said polypeptide and a receptor/binding partner, caused by the 
addition of the compound being tested, (c) alternatively, examining the alteration in the 
functional activity of the polypeptide, caused by the addition of the compound being 
tested. 

Detection of the complex formation can be performed using several 

20 approaches. First, binding of a compound onto a polypeptide can be studied using 
classical binding tests: one of the binding partners, compound or polypeptide is labeled 
and interaction of both is measured. Most of these tests comprise following steps: 
incubating both binding partners in conditions where binding is allowed, separation of 
free label from bound label present in the complex formed between both partners, and 

25 measuring the number of labeled complexes formed. Separation of free and bound 
label can be performed via filtration, centrifugation or other means as known by the 
person skilled in the art. Other techniques allow visualisation of complex formation 
without the need of such a separating step. For example, test systems using SPA 
(scincillation proximity assay) beads are based on the principle that radioactive 3 H can 

30 only be measured when present in scincillation fluid. SPA beads contain scincillation 
fluid and can be coated with one of the binding partners. When this bead is approached 
and binds the other binding partner which is radioactively labeled, a signal will be 
detected allowing the complex to be visualised. Binding of the radioactive compound 
onto the scincillation bead is needed in order to result in a detectable signal; non-bound 

35 radioactive partners that stay free into the solution will not result in a detectable signal. 
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The protein or peptide fragments according to the invention employed in such a 
method may be for example in solution or coated on suspended beads as described 
above. Alternatively, these can be affixed to a solid support, borne on a cell or phage 
surface or located intracellular^. 
5 When protein or peptide fragments are coated on solid supports, they can be 

tested for their binding affinity for large numbers of compounds. These can be used in 
different kinds of high throughput screenings in order to identify compounds having 
suitable binding affinity to the polypeptides according to the invention. Platform 
technologies or technologies based on SPR (see below) can be applied. 
10 One may measure for example, the formation of complexes between the 

proteins of the invention and the compound being tested. Alternatively, one may 
examine the diminution or increase of complex formation between the protein 
according to the invention and a receptor/binding partner caused by the compound 
being tested. 

15 Proteins which interact with the polypeptide of the invention may be identified 

by investigating protein-protein interactions using the two-hybrid vector system first 
proposed by Chien et al. (1991). 

This technique is based on functional reconstitution in vivo of a transcription 
factor which activates a reporter gene. More particularly the technique comprises 

20 providing an appropriate host cell with a DNA construct comprising a reporter gene 
under the control of a promoter regulated by a transcription factor having a DNA 
binding domain and an activating domain, expressing in the host cell a first hybrid DNA 
sequence encoding a first fusion of a fragment or all of a nucleic acid sequence 
according to the invention and either said DNA binding domain or said activating 

25 domain of the transcription factor, expressing in the host at least one second hybrid 
DNA sequence, such as a library or the like, encoding putative binding proteins to be 
investigated together with the DNA binding or activating domain of the transcription 
factor which is not incorporated in the first fusion; detecting any binding of the proteins 
to be investigated with a protein according to the invention by detecting for the 

30 presence of any reporter gene product in the host cell; optionally isolating second 
hybrid DNA sequences encoding the binding protein. 

An example of such a technique utilizes the GAL4 protein in yeast. GAL4 is a 
transcriptional activator of galactose metabolism in yeast and has a separate domain 
for binding to activators upstream of the galactose metabolising genes as well as a 

35 protein-binding domain. Nucleotide vectors may be constructed, one of which 
comprises the nucleotide residues encoding the DNA binding domain of GAL4. These 
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binding domain residues may be fused to a known protein encoding sequence, such as 
for example the nucleic acids according to the invention. The other vector comprises 
the residues encoding the protein-binding domain of GAL4. These residues are fused 
to residues encoding a test protein. Any interaction between polypeptides encoded by 
5 the nucleic acid according to the invention and the protein to be tested leads to 
transcriptional activation of a reporter molecule in a GAL-4 transcription deficient yeast 
cell into which the vectors have been transformed. Preferably, a reporter molecule such 
as fi-galactosidase is activated upon restoration of transcription of the yeast galactose 
metabolism genes. Alternatively, other reporter proteins can be used such as EGFP 
10 (enhanced green fluorescent protein), or hEGFP. This latter has a decreased lifetime 
enabling the system to screen for compounds improving the interaction of studied 
binding partners. 

The two-hybrid approach was first developed for yeast, and is an ideal 
screening system when looking for compounds active in killing yeast or fungi. Indeed, 

15 proteins expressed in this system will most probably carry the correct modifications as 
found in the pathogenic yeast strains. In addition, compounds active in this test system 
allow to screen and select compounds which are able to enter the cell, this selection is 
not possible when using in vitro test systems. When compounds are needed to target 
mammalian cells, modification of the studied proteins can be different, changing the 

20 structure of corresponding proteins. Moreover working with yeast might block certain 
compounds to enter the cell, which are normally able to traverse the mammalian cell 
membrane. Consequently, working with mammalian two-hybrid system for this purpose 
will give already an immediate selection of the compounds that may enter mammalian 
cells. 

25 Alternative in vitro methods can be used to investigate protein - protein 

interactions. Protein interaction analysis in vitro can shed light on their role in the intact 
cell by providing valuable information on specificity, affinity, and structure-function 
relation ship. Significant process in this respect has become with the advent, in the last 
few years, of commercially available biosensor technology. This allows to study 

30 macromolecular interactions in real-time, providing a wealth of high-quality data that 
can be used for kinetic analysis, affinity measurements, competition studies, etc. A 
major advantage of biosensor analysis is that there is no requirement for labeling one 
of the interacting components and then separating bound from free molecules- a fact 
that simplifies experimental procedures and provides more accurate measurements. 

35 The principle of surface plasmon resonance (SPR) is based on the detection of a 
change of the refractive index of the medium when a compound or protein binds to an 
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immobilised partner molecule. For the SPR technology, one needs to load one of the 
interacting partners to the chip surface, followed by the superfusion of the second 
binding partner or more molecules. The second partner can be available as purified 
product, but alternatively a complex suspension containing this partner can also be 
5 used. Interaction of two or more compounds can be analysed, alternatively, 
compounds can be identified interfering or increasing this binding affinity towards each 
other. 

SPR is not restricted to protein-protein interactions; any macromolecule with a 
suitable size will change the refractive index of the medium in contact with the 

10 biosensor surface and therefore give a signal. Studies have been done with protein- 
DNA interactions, as well as protein-lipid interactions. Moreover intact viruses, abd 
even cells, can also be injected over the biosensor surface, in order to analyse their 
binding to receptors, lectins, and so on. 

Alternatively, NMR is also an excellent tool for a detailed study of protein- 

15 protein or DNA-protein interactions. Isotope edited or isotope filtered experiments 
whereby one compound is isotopically labeled with 15N or 13C are an ideal way to 
study these complexes. This method does not allow high throughput analysis of 
compounds interfering or enhancing molecular interactions. Nevertheless, medium or 
low throughput systems can be used to confirm results obtained by the high throughout 

20 assays or in cases where none of the binding partners are labeled. Other techniques 
which can be used to study interactions are: overlay, ligand blotting, band-shift, co- 
immuno-precipitation, size exclusion chromatography and microcalorimetry (In. "Protein 
trageting Protocols" Ed. Clegg R.A. Humana Press, Totowa, New Yersey). 

Compounds modulating pathways leading to apoptosis may change the activity 

25 of the polypeptide of the invention. Therefore screening tests may be setup looking for 
altered protein activity of the polypeptide of the invention. Based on the amino acid 
sequence a possible function of the polypeptide might be envisaged; activities can be 
confirmed and corresponding activity test can be started. 

Alternatively additional tests can be performed to test the influence of the 

30 compound onto protein stability, post-translational modification, precursor processing 
and protein translocation. All these aspects influence the concentration and/or activity 
of corresponding proteins and consequenly influence the effect of these onto the 
metabolism of the cell. Also here, medium or low throughput systems can be used to 
confirm results obtained by the high throughout assays. 

35 In cases compounds need to be found to target tumor cells, screening assays 

will have to be used focused on the stimulation of the apoptotic pathway. This invention 
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therefore also relates to in vitro and in vivo model systems comprising tumor tissue or 
cells expressing the polypeptides according to the invention which can be used to 
screen for therapeutic agents. In vivo modelsystems allow to test for compound 
efficacity but also the toxicity of these compounds can be tested. The compounds 
5 identified using any of the methods described in the invention not only include 
compounds which exert their effect in promoting cell death of yeast and fungi, but also 
include compounds which prevent or delay cell death. The latter compounds can be 
used to prevent or delay apoptosis of endogenic yeast or fungi in humans and other 
mammals which may be caused by pathogens or toxic environmental components. 
1 0 According to a preferred aspect of the invention, the yeast or fungi according to 

any of the methods described, are chosen from Saccharomyces cerevisiae, 
Schizosaccharomyces pombe, Candida albicans, or Aspergillus fumigatus. 

The invention also relates to a compound identified using any of the methods of 
the invention. 

1 5 Compounds identifiable or identified using a method according to the invention, 

may advantageously be used as a medicament. The invention also relates to a method 
for treating diseases associated with yeast or fungi comprising admixing a compound 
obtainable by a method of the invention with a suitable pharmaceutically acceptable 
carrier. 

20 The compounds of the invention can be used for the preparation of a 

medicament to treat diseases or conditions associated with yeast and fungi infections, 
for instance Candida spp., Aspergillus spp., Microsporum spp., Trichophyton spp., 
Fusarium spp., Zygomycetes spp., Botritis, spp., Cladosporium spp., Malassezia spp., 
Epidermophyton floccosum, Blastomyces dermatitidis, Coccidioides immitis, 

25 Histoplasma capsulatum, Paracoccidioides brasiliensis, Cryptococcus neoformans, 
and Sporothrix schenckii infections. 

These compounds may also advantageously be included in a pharmaceutical 
composition together with a pharmaceutically acceptable carrier, diluent or excipient 
therefor. 

30 A medicament according to the invention not only relates to fungistatic 

compounds for treating humans or mammals but also relates to fungicides for treating 
plants. 

The invention also relates to genetically modified yeast or fungi in which 
modification results in the overexpression or underexpression of at least one of the 
35 nucleic acids or polypeptides of the invention, which overexpression or 
underexpression of said nucleic acid or polypeptide prevents or delays apoptosis of 
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said genetically modified yeast or fungi. These genetically modified organisms may 
have a positive effect on the endogenic flora of humans and other mammals. The 
genetically modified yeast or fungi can be included in a pharmaceutical composition or 
can be used for the preparation of a medicament for prophylactic or therapeutic use. 
5 Also according to the invention is the use of a compound obtainable by a 

method of the invention for the preparation of a medicament for modifying the 
endogenic flora of humans and other mammals. 

According to another embodiment, the invention also relates to an isolated 
protein which is involved in a pathway for programmed cell death of yeast or fungi 
10 selected from: 

(a) a protein having an amino acid sequence as represented in any of SEQ ID NOs 
286, 288, 290, 292, 296, 298, 300, 302, 304, 306, 308, 310, 312, 316, 318, 320, 
322, 324, 326, 328, 330, 332, 338, 342, 344, 346, 348, 352, 354, 356, 358, 360, 
362, 364, 366, 368, 370, 372, 374, 376, 380, 382, 384, 386, 388, 390, 392, 394, 

15 398, 402, 404, 406, 408, 410, 412, 416, 418, 422, 424, 426, 428, 430, 432, 434, 

436, 438, 440, 442, 444, 446, 448, 450, 452, 454, 476, 478, 480, 482, or 484 or 
encoding a functional equivalent, derivative or bioprecursor of said protein; 

(b) a protein having an amino acid sequence which is more than 70% similar, 
preferably more than 75% or 80% similar, more preferably more than 85%, 90 or 

20 95% similar and most preferably more than 90% similar to any of the amino acid 

sequences shown in SEQ ID NOs 286, 288, 290, 292, 296, 298, 300, 302, 304, 
306. 308, 310, 312, 316, 318, 320, 322, 324, 326, 328, 330, 332, 338, 342, 344, 
346, 348, 352, 354, 356, 358, 360, 362, 364, 366, 368, 370, 372, 374, 376, 380, 
382, 384, 386, 388, 390, 392, 394, 398, 402, 404, 406, 408, 410, 412, 416, 418, 

25 422, 424, 426, 428, 430, 432, 434, 436, 438, 440, 442, 444, 446, 448, 450, 452 

454, 476, 478, 480, 482, or 484; 

(c) a protein having an amino acid sequence which is more than 70% identical, 
preferably more than 75% or 80% identical, more preferably more than 85%, 90% 
or 95% identical and most preferably more than 97% identical to any of the amino 

30 acid sequences shown in SEQ ID NOs 286, 288. 290, 292, 296, 298, 300, 302, 

304, 306, 308, 310, 312, 316, 318, 320. 322, 324, 326, 328, 330, 332, 338. 342, 
344, 346, 348, 352, 354, 356, 358, 360, 362, 364, 366, 368, 370, 372, 374, 376, 
380, 382, 384, 386, 388, 390, 392, 394, 398, 402, 404, 406, 408, 410, 412, 416, 
418, 422, 424, 426, 428, 430. 432, 434, 436, 438, 440, 442, 444, 446, 448, 450, 

35 452. 454, 476, 478, 480, 482, or 484; and, 

(d) a functional fragment of any of said proteins as defined in a) to c). 
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According to the invention, the polypeptides as defined above may be used as 
a medicament. 

Also encompassed within the present invention are antibodies, monoclonal or 
polyclonal, capable of specifically binding to one or more epitopes of the proteins of the 
5 invention. The term "specific binding" implies that there is substantially no cross- 
reaction of the antibody with other proteins. 

The antibodies according to the invention may be produced according to 
techniques which are known to those skilled in the art. Monoclonal antibodies may be 
prepared using conventional hybridoma technology as described by Kohler and 
10 Milstein (1979). Polyclonal antibodies may also be prepared using conventional 
technology well known to those skilled in the art, and which comprises inoculating a 
host animal, such as a mouse, with a protein or epitope according to the invention and 
recovering the immune serum. The present invention also includes fragments of whole 
antibodies which maintain their binding activity, such as for example, Fv, F(ab') and 
1 5 F(ab') 2 fragments as well as single chain antibodies. 

Antibodies according to the invention may also be used in a method of 
detecting the presence of a polypeptide according to the invention, which method 
comprises reacting the antibody with a sample and identifying any protein bound to 
said antibody. A kit may also be provided for performing said method which comprises 
20 an antibody according to the invention and means for reacting the antibody with said 
sample. 

The antibodies according to the invention may be used as a medicament or 
may be comprised in a pharmaceutical composition. According to a more specific 
embodiment, the antibodies may be used in the preparation of a medicament for 
25 treating diseases associated with yeast and fungi such as, but not restricted to, 
Candida albicans, Aspergillus spp., Fusarium spp., Botritis, spp., Cladosporium spp. 

The invention also relates to a method of preventing infection with yeast or 
fungi, comprising administering a composition containing at least one polypeptide of 
the invention to a mammal in effective amount to stimulate the production of protective 
30 antibody or protective T-cell response. 

According to another embodiment, the invention relates to a genetically 
modified mammalian cell or non-human organism in which modification results in the 
overexpression or underexpression of at least one of the nucleic acids of the invention 
or a human homologue thereof or at least one of the polypeptides of the invention or a 
35 human homologue thereof, which overexpression or underexpression of said nucleic 
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acid or polypeptide prevents or delays apoptosis of said genetically modified 
mammalian cell or in said genetically modified non-human organism. 

Human homologues according to the invention can be obtained by selective 
hybridisation of the yeast and Candida nucleic acid molecules of the invention against 
5 human genome or cDNA libraries according to methods well known in the art 
(Sambrook et aL, 1989). Human polypeptide homologues are obtained from the 
corresponding human nucleic acid homologous nucleotide sequences. 

The invention also relates to a method for identifying compounds for stimulating 
or inhibiting apoptosis comprising the use of at least one of the nucleic acid sequences 
10 of the invention or a human homologue thereof and/or at least one of the polypeptides 
of the invention or a human homologue thereof and/or a genetically modified 
mammalian cell or non-human organism as described in the invention. 

The invention further relates to the compounds identifiable according to the 
above-described method and its use as a medicament. 
15 The invention further relates to a method for preparing a pharmaceutical 

composition for treating proliferative disorders or for preventing apoptosis in certain 
diseases comprising admixing a compound according to claim 40 or 41 with a suitable 
pharmaceutical^ acceptable carrier. 

The expression "proliferative disorders" or "proliferative diseases" refers to an 
20 abnormality within a patient or animal such as cancer. Normal cells start to proliferate 
due to a change in the coding or non-coding sequence of the DNA resulting in a 
swollen or distended tissue. Mutation may arise without obvious cause. An abnormal 
benign or malignant mass of tissue is formed that is not inflammatory. Cells of pre- 
existent tissue start to divide unexpectedly and resulting cell mass possesses no 
25 physiologic function. 

The expression "apoptosis" or "apoptosis-related diseases" includes diseases 
such as autoimmunity diseases, ischemia, diseases related with viral infections or 
neurodegenerations. 

The invention also relates to the use of compounds obtainable by the above 
30 described methods for the preparation of a medicament for treating proliferative 
disorders or for preventing apoptosis in certain disorders. 

According to another embodiment, the invention relates to the use of a nucleic 
acid molecule or a polypeptide described in the invention or human homologues 
thereof for treating proliferative disorders or for the prevention of apoptosis in certain 
35 diseases. 
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The invention also relates to a pharmaceutical composition for use as a 
medicament for treating proliferative disorders or for the prevention of apoptosis in 
certain diseases comprising a nucleic acid molecule of the invention or a human 
homologue thereof or a polypeptide of the invention or a human homologue thereof 
5 together with a pharmaceutical^ acceptable carrier diluent or excipient therefor. 

The invention also relates to a vaccine for immunizing mammals against 
proliferative disorders or for preventing apoptosis in certain diseases comprising least 
one nucleic acid molecule of the invention or a human homologue thereof or at least 
one polypeptide of the invention or a human analogue thereof in a pharmaceutical^ 
1 0 acceptable carrier. 

The invention also relates to the use of an antibody of the invention capable of 
binding to at least one of the polypeptides of the invention or a human homologue 
thereof for the preparation of a medicament for treating proliferative disorders or for the 
prevention of apoptosis in certain diseases. 
15 According to yet another embodiment, the invention relates to an expression 

vector comprising a human homologue of a nucleic acid sequence of the invention. 
Said expression vector may comprise an inducible promoter and may further comprise 
a sequence encoding a reporter molecule. 

The invention also relates to a host cell transformed, transfected or infected with 
20 any of the above described vectors. 

According to another embodiment the invention relates to a nucleic acid 
molecule comprising a human homologue of at least one of the nucleic acid sequences 
described in the invention. 

25 The invention also relates to an antisense molecule comprising a nucleic acid 

sequence capable of selectively hybridising to a nucleic acid molecule which is a 
human analogue of the invention. 

The invention also relates to a polypeptide encoded by the nucleic acid 
molecule comprising said human homologues of the nucleic acids described in the 

30 invention. 

The invention, now being generally described, may be more clearly understood 
by reference to the following examples, which are included merely for purposes of 
illustration of certain aspects and embodiments of the present invention and are not 
intended to limit the invention. The contents of all references referred to in this text are 
35 hereby incorporated by reference. 
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Table 1. Genes modulated by Bax expression in S. cerevisiae. This list includes all 
the genes for which mRNA levels changed more than fivefold in a first 
5 experiment (see Example 2). The factor by which the transcript level was 

affected, is expressed as the Qt value. A Qt value higher than 1 
indicates upregulation while a Qt value lower than 1 indicates a 
downregulation.For instance, a Qt of 0.5 indicates a two-fold lower 
transcript level of a particular mRNA due to Bax expression in S. 
10 cerevisiae. Upregulation or downregulation of a specific mRNA is stated 

when Qt had a value of at least five or at most 0,21 , respectively. 

Table 2. Genes modulated by Bax expression in S. cerevisiae. This list 
includes all the genes for which mRNA levels changed significantly in 
15 a second experiment (see Example 3). In this experiment, the Qt 

values were calculated using the Pathways Software (Research 
Genetics). 

EXAMPLES 

20 Example 1 . Differential gene expression analysis upon Bax-induced cell death 
Materials and media 

Bacterial strain Escherichia coli MC1061 (Casadaban and Cohen, 1980) was 
used for the construction and the amplification of plasmids. Yeast strains were grown 
under normal conditions on standard media (Sherman et a/., 1979). The 
25 Saccharomyces cereviseae strain INVSd (Invitrogen®) was transformed by means of 
the lithium acetate method (Schiestl and Gietz, 1989) with YIpUTyL or.YlpUTYLMuBax, 
after linearisation in the Ty 8 element (Zhu, 1986). 

Cloning of mouse BAX cDNA 

30 Mouse Bax cDNA, encoding the mouse Bax-ct protein, was cloned by Pfu DNA 

polymerase (Stratagene®) chain reaction amplification (PCR) from an EL4/13.18 
thymoma cDNA library (BCCM™/LMBP-LIB15) by making use of the primers: 

5'-ATGGACGGGTCCGGGAGCAG-3' and 

5 , -TCAGCCCATCTTCTTCCAGATGGTGAG-3\ 
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The resulting PCR product was cloned in a H/ncll-openend pUC19 according to 
standard procedures (Sambrook J. et a/., 1989). 

Plasmid constructions 
5 The 2p ori and the URA3 marker gene were removed from pUT332 (Gatignol et 

a/., 1990) by successive digestions with C/al and Bg/ll. A BamHI-H/ndlll GAL1 
promoter fragment was ligated into the Bgl\\-Hin6 Ill-opened plasmid. _A Xba\-Fsp\ FLP 
terminator fragment was inserted into this Xbal-H/ndlll(blunted)-opened plasmid so that 
the plasmid YIpUT was obtained. Insertion of a blunted EcoRI-BsaAl Ty 5 element in 
10 the Kpnl-v4afll-opened and blunted YIpUT resulted in the plasmid YIpUTy. Subsequent 
insertion of the LEU2 marker gene, as a blunted SsaAI-SsKBI fragment, in the BamH\- 
openend and blunted YIpUTy resulted in the plasmid YIpUTyL. 

Mouse Bax cDNA was excised from pUC19 by digestion with Xba\ and H/ndlll 
and subcloned into the X6al-H/ndlll-opened plasmid YIpUTyL, obtaining the final 
1 5 expression plasmid YIpUTyLMuBax. 

The plasmid YIpUTyLMuBax has been deposited in the BCCM™/LMBP culture 
collection as pSCTyGALmBax with accession number 3871 under restricted use. 

GeneFilters 

20 The Yeast GeneFilters™ were purchased from Research Genetics Inc. 

(Huntsville, AL, USA). 

The Yeast GeneFilters™ are hybridization ready nylon membranes containing a 
total of 6144 gene ORFs (Open Reading Frames) individually amplified by PCR and 
spotted on 2 nylon membrane filters (Filter I and II). The filters are cut in the upper right 
25 corner and the DNA is on the labeled side of the filter. 

Filter I contains 3072 ORFs organized into two fields (fields 1 and 2). Each field 
contains 1536 ORFs divided into 8 grids (A, B f C, D f E, F, G and H). The grids are 
organized in 24 rows and 8 columns. 

Filter II contains 3072 ORFs organized in two fields (field 3 and 4). Fields 3 and 
30 4 are organized in the same way as fields 1 and 2. 

The Yeast ORF target 

The yeast filters consist of over 6000 PCR products corresponding to 6144 
yeast ORFs derived from the SGD. The PCR reactions used ORF specific primer pairs 
35 designed to amplify the entire open reading frame. The primers were generated from 
unique sequences containing the start codon ATG and termination codon (kindly 
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provided by M. Cherry at Stanford Genome Center). Thus the PCR product contains 
the complete open reading frame including the start and stop codons. These products 
were purified and resuspended at 50 nanograms per microliter in a colored solution to 
allow the printing to be monitored. A robotic device was used to spot approximately 
5 1/10 of a microliter of the denatured PCR product solution on a positively charged 
nylon membrane. The DNA was then UV cross-linked to the membrane. 

Results 

Induction of Bax-expression in yeast cells 

10 

S. cerevsiae cells (strain INVSd) were transformed with the expression 
plasmid YIpUTyLMuBax or the parental plasmid YIpUTyL as a negative control. 
Alternative yeast strains (such as W303-1A (Thomas and Rothstein, 1989)) with 
equivalent properties are known in the art and can also be used. 

1 5 The Ty 6 element of both plasmids allowed a stable multi-copy integration in the 

genome of the yeast cell. Southern analysis of the cells containing YIpUTyLMuBax 
revealed the integration of 5 GAL1 -controlled Bax-cassettes near Ty elements. 

The yeast cells containing YIpUTyLMuBax and the yeast cells containing 
YIpUTyL were grown overnight in in 10 ml minimal glucose-containing medium. The 

20 precultures were then further diluted to an OD 600 of 0,2 in 100 ml minimal glucose- 
containing medium and grown until an OD 60 o of 1 was reached. Subsequently, the 
yeast cells containing YIpUTyL were washed and a dilution thereof was transferred into 
100 ml galactose-containing medium and incubated for 15 hours. After this additional 
period the cultures reached an OD 600 of 1 . The yeast cells containing YipUTyLMuBax 

25 were also washed and transferred into 100 ml galactose-containing medium and 
incubated for 15 hours. 

RNA isolation 

30 Total RNA was isolated using RNApure™ Reagent (Genhunter Corporation 

Nashville, TN, USA) according to the GenHunter protocol. 1.5 10 9 cells were 
concentrated in a microcentrifuge tube and 1ml RNApure™ Reagent was added 
together with 1 g of glass pearls. The yeast cells were broken by thorough mixing 
during five 2-minutes periods, and placed on ice in-between to avoid RNA digestion. 

35 Chloroform (150 pi) was added to the lysate and centrifuged for 10 min at 4°C and at 
15000 rpm. The supernatant was transferred to a new tube and the RNA was 
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precipitated with an equal volume of isopropanol. After 10 min incubation on ice, the 
RNA was pelleted by centrifugation and the pellet was washed with 70% ice-cold 
ethanol. The dried RNA pellet was resuspended in 50 pl RNAse free dH 2 0. 

5 First strand cDNA synthesis in the presence of o- 33 P dCTP 

Probes with high specific activity were prepared by first strand cDNA synthesis 
using total RNA isolated from INVSd YIpUTyLMuBax or INVSd YIpUTyL yeast cells 
and incorporation of a-^P dCTP as follows: 2 pi (1 MQ/ml) of Oligo dT was added to 20 
pg of total RNA in a maximal volume of 8 pi RNase-free dH 2 0 and incubated at 70°C 
10 for 10 min. After cooling down on ice for 1 min, the following components were added: 
6 pi 5x concentrated First Strand Buffer (GIBCO-BRL) 
1 pl 0,1 M DTT 

1 pl RNase Block (40 units/pl) (Stratagene) 
1 ,5 pl 20 mM dXTP-solution (X = A, G and T) (Pharmacia) 
15 1 ,5 pl Superscript™ Reverse Transcriptase (200 units/pl) (GIBCO-BRL) 

10 pl a-^P dCTP (10mCi/ml, 3000 Ci/mmol) (Amersham) 

and incubated for 2 h at 37°C during which first strand cDNA synthesis took 

place. 

Unincorporated label was separated from the probe on a Sephadex G-50 column 
20 (Pharmacia). The radioactivity incorporated in the probe was measured by liquid 

scintillation. The specific activity of the probes was 3 or 5 10 8 cpm/pg for both the 

INVSd YIpUTyL and the INVSd YIpUTyLMuBax probe. 

Additionally, the length of first strand cDNA probes was controlled on an 

alkaline 2% agarose gel using standard electrophoresis techniques, and resulted in the 
25 detection, via stimulated phosphorescence autoradiography, of the bulk of the 

fragments around 500 bp. 

Hybridisation with the S. cerevisiae Yeast GeneFilters™ and signal detection 

30 The Yeast GeneFilters™ were successively hybridised with the a-^P dCTP 

labelled cDNA probes using the MicroHyb™ solution provided by the manufacturer 
(Research Genetics Inc., Huntsville, AL, USA). This solution was applied as well in the 
prehybridisation step as during hybridisation. The MicroHyb solution contains 
formamide to allow hybridisation to occur at lower temperatures. 

35 The hybridisation experiment was performed essentially as follows: during 

prehybridisation, the Yeast GeneFilters™ were placed in a hybridisation flask (35x250 



31 

mm) filled with 5 or 10 ml MicroHyb™ solution (42°C) containing 5 pi polydA (0,5 or 1 
Mg/ml) and incubated for 24 hours at 42°C whilst rotating (10 rpm). After disposal of the 
prehybridisation solution, the denatured (3 min at 100°C) cDNA was added in 5 ml 
prewarmed MicroHyb solution and again incubated overnight at 42°C whilst rotating. 
5 Following two wash steps of 20 min in wash buffer (2x SSC, 1% SDS) at 50°C, a third 
wash step was performed in a second wash buffer (0,5x SSC, 1% SDS) for an 
additional 15 min at room temperature. The Yeast GeneFilters™ were placed in a 
Phosphorlmager™ cassette with storage phosphorscreen. After 4 days of development 
the screen was developed and scanned using the Phosphorlmager™ 455 SI from 
1 0 Molecular Dynamics. The results of these can be seen in Figure 3. 

In-between the hybridisation experiments, the filters were stripped off by 
incubation in 500 ml of a 0,5% SDS solution (prewarmed to near boiling temperature) 
during at least 1 hour at room temperature. 



1 5 Example 2 . Quantification of Hybridisation Signals 

Quantification of the hybridisation signals was done using the ImageQuant™ 
4.1 software tool from Molecular Dynamics (Sunnyvale, CA). The quantification was 
performed per grid of the Yeast GeneFilters™, and by drawing a roster of 24 columns 
and 8 rows onto each grid of each filter. As such, each rectangle of the roster 
20 corresponds to a spot on the Yeast GeneFilters™. Subsequently, from each grid a 
volume-report (quantification) was drawn up and the data were transferred to a 
Microsoft™ Excel sheet. Also for each grid a correction factor was calculated. Signals 
neighboring big and dark spots were separately quantified. For each grid, a 
background level was calculated. 

25 

Statistical processing of quantification results 

The statistical processing of the results was accomplished in Microsoft™ Excel. 
For each grid, the following statistical functions were separately defined: 

1. The frequency of occurrence of the values in a precisely defined intensity 
30 range(data range), established between 1000 and 61000, split up in intervals of 5000. 

2. The frequency in terms of percentage. 

3. The cumulated frequency in terms of percentage. 

These numeric values were used for the graphical display of the cumulated 
frequency in terms of percentage. 
35 Subsequently, the results of the two experiments (hybridization with cDNA from 

YIpUTyL containing INVSd cells and hybridization with cDNA from YIpUTyLMuBax 
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containing INVSd cells) were integrated by determination of a second range of 
statistical functions: 

1 . The average of the values of the two experiments for each spot on the filter. 

2. The standard deviation on this average. This is a measure for the 
distribution of the values around this average. 

3. The standard deviation in terms of percentage. 

The quotient of the values of the second experiment (Bax expression) against 
the values from the first experiment (control) was determined. This immediately ave the 
factor by which the expression of a specific gene is changed upon Bax induction. 

In order to process all these data and to be able to discriminate between 
differences in gene expression, a gene showing a standard deviation in terms of 
percentage of at least 90% and a difference of a factor 5 in expression as a result of 
Bax induction, was identified as a differentially expressed candidate gene. (Table 1). 
Requantification of these candidates confirmed their selection. 

When the expression pattern of all 6144 genes is compared in the two 
experiments, it could be concluded that the expression profile of 142 genes (this is 2,3 
%) has been changed with at least of factor 5. An overview of these genes as well as 
the factors with which they are up- or down-regulated is shown in Table 1. The 
sequences of these genes and the amino acid sequences which they encode are 
shown in Figure 1. 

Example 3 . Quantification of Hybridisation Signals using the Pathways™ 
software 

Quantification of the hybridisation signals was done using the Pathways ™ 
25 Software (Research Genetics) and these signals were normalised against all data 
points. Comparison of these normalised data revealed differentially expressed 
candidate genes. Visual inspection of the hybridisation spots confirmed their selection. 
An overview of these genes as well as the factors with which they are up- or down- 
regulated is shown in Table 2. 
30 Surprisingly, using this Software package for analysing the results in this 

example and when compared to the results of example 2, some additional genes were 
found which expression are up-or down-regulated upon Bax expression in S. 
cerevisiae. 

The sequences of up- and down regulated genes and the corresponding amino 
35 acid sequences from Examples 2 and 3 are shown in Figure 1 . 
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Example 4 Search for horn logues in Candida albicans 

Sequence similarity searches against public and commercial sequence 
databases were performed with the BLAST software package (Altschul et a/., 1990) 
version 2. Both the original nucleotide sequence and the six-frame conceptual 
5 translations were used as query sequences. The used public databases were the 
EMBL nucleotide sequence database (Stoesser et a/., 1998), the SWISS-PROT protein 
sequence database and its supplement TrEMBL (Bairoch and Apweiler, 1998), and the 
ALCES Candida albicans sequence database (Stanford University, University of 
Minesota). The commercial sequence database used was the PathoSeq™ microbial 
10 genomic database (Incyte Pharmaceuticals Inc., Palo Alto, CA, USA). 

Sequence similarity searches were performed using the BLAST software 
package version 2. The identity between 2 sequences was calculated as percentage 
identical residues, the similarity percentage between two sequences was calculated 
using BLOSUM62 as a scoring matrix. 

15 

Example 5 . Screening for compounds modulating expression of polypeptides 
involved in induction of cell death of C. albicans 

The method proposed is based on observations (Sandbaken et a/., 1990; 
Hinnebusch and Liebman 1991; Ribogene PCT WO 95/11969, 1995) suggesting that 
20 underexpression or overexpression of any component of a process (e.g. translation) 
could lead to altered sensitivity to an inhibitor of a relevant step in that process. Such 
an inhibitor should be more potent against a cell limited by a deficiency in the 
macromolecule catalyzing that step and/or less potent macromolecule, as compared to 
the wild type (WT) cell. 

25 Mutant yeast strains, for example, have shown that some steps of translation 

are sensitive to the stoichiometry of macromolecules involved. (Sandbaken et a/., 
1990). Such strains are more sensitive to compounds which specifically perturb 
translation (by acting on a component that participates in translation) but are equally 
sensitive to compounds with other mechanisms of action. 

30 This method thus not only provides a means to identify whether a test 

compound perturbs a certain process but also an indication of the site at which it exerts 
its effect. The component which is present in altered form or amount in a cell whose 
growth is affected by a test compound is potentially the site of action of the test 
compound. 

35 The assay to be set up involves measurement of growth or death rate of an 

isogenic strain which has been modified only in a certain specific allele, relative to a 
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wild type (WT) Candida albicans strain, in the presence of R-com pounds. Strains can 
be ones in which the expression of a specific protein is impaired upon induction of anti- 
sense or strains which carry disruptions in an essential gene. An in silico approach to 
find novel genes in Candida albicans will be performed. A number of essential genes 
5 identified in this way will be disrupted (in one allele) and the resulting strains can be 
used for comparative growth and/or death rate screening. 

Example 6 . Assay for High Throughput screening for drugs 

35 pi minimal medium (S medium + 2% galactose + 2% maltose) is transferred 
10 in a transparent flat-bottomed 96 well plate (MW96) using an automated pipetting 
system (Multidrop, Labsystems). A 96-channel pipettor (Hydra, Robbins Scientific) 
transfers 2.5 pi of R-compound at 10" 3 M in DMSO from a stock plate into the assay 
plate. 

The selected Candida albicans strains (mutant and parent (CAI-4) strain) are 
15 stored as glycerol stocks (15%) at -70°C. The strains are streaked out on selective 
plates (SD medium) and incubated for two days at 30°C. For the parent strain, CAI-4, 
the medium is always supplemented with 20 pg/ml uridine. A single colony is scooped 
up and resuspended in 1 ml minimal medium (S medium + 2% galactose + 2% 
maltose). Cells are incubated at 30°C for 8 hours while shaking at 250 rpm. A 10 ml 
20 culture is inoculated at 250.000 cells/ml. Cultures are incubated at 30°C for 24 hours 
while shaking at 250 rpm. Cells are counted in Coulter counter and the final culture (S 
medium + 2% galactose + 2% maltose) is inoculated at 20.000 to 50.000 cells/ml. 
Cultures are grown at 30°C while shaking at 250 rpm until a final OD 600 of 0.24 (+/- 
0.04) is reached. 

25 200 pi of this yeast suspension is added to all wells of MW96 plates containing 

R-compounds in a 450 pi total volume. MW96 plates are incubated (static) at 30°C for 
48 hours. 

Optical densities are measured after 48 hours. 

Test growth is expressed as a percentage of positive control growth for both 
30 mutant (x) and wild type (y) strains. The ratio (x/y) of these derived variables is 
calculated. 
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Table 1. 



ORF 


Qt 


Sequence ID Number 


YAR061W 


7.80 


SEQ ID NO 1 


YAR073W 


11.19 


SEQ ID NO 3 


YBL048W 


5.07 


SEQ ID NO 5 


YBL051C 


5.22 


SEQ ID NO 7 


YBL066C 


6.04 


SEQ ID NO 9 


YBL078C 


6.94 


SEQ ID NO 11 I 


YBR072W 


26.56 


SEQ ID NO 13 


YBR073W 


5.46 


SEQ ID NO 15 


YBR086C 


7.14 


SEQ ID NO 17 


YBR093C 


11.05 


SEQ ID NO 19 


YBR181C 


0.15 


SEQ ID NO 21 


YCL007C 


20.99 


SEQ ID NO 23 


YCL016C 


23767.57 


SEQ ID NO 25 


YCR052W 


10.51 


SEQ ID NO 27 


YCR064C 


14.91 


SEQ ID NO 29 


YCR073WA 


5.92 


SEQ ID NO 31 


YDL010W 


5.31 


SEQ ID NO 33 


YDL036C 


5.34 


SEQ ID NO 35 


YDL083C 


0.16 


SEQ ID NO 37 


YDL125C 


6.80 


SEQ ID NO 39 


YDL133CA 


0.21 


SEQ ID NO 41 


YDL1 36W 


0.20 


SEQ ID NO 43 


YDL167C 


6.37 


SEQ ID NO 45 


YDL184C 


0.21 


SEQ ID NO 47 


YDL191W 


0.17 


SEQ ID NO 49 


YDR103W 


6.26 


SEQ ID NO 51 


YDR238C 


5.75 


SEQ ID NO 53 


YDR259C 


9.68 


SEQ ID NO 55 


YDR294C 


8.38 


SEQ ID NO 57 


YDR430C 


5.66 


SEQ ID NO 59 


YDR438W 


6.47 


SEQ ID NO 61 I 


YDR450W 


0.16 


SEQ ID NO 63 


YDR471W 


0.11 


SEQ ID NO 65 


YDR486C 


5.27 


SEQ ID NO 67 


YDR499W 


6.14 


SEQ ID NO 69 


YDR507C 


6.34 


SEQ ID NO 71 


YDR515W 


5.42 


SEQ ID NO 73 


YDR518W 


6.15 


SEQ ID NO 75 


YDR519W 


5.57 


SEQ ID NO 77 


YER102W 


0.19 


SEQ ID NO 79 


YER153C 


5.63 


SEQ ID NO 83 


YFL014W 


41.08 


SEQ ID NO 85 


YFL015C 


5.62 


SEQ ID NO 87 


YFR022W 


9.44 


SEQ ID NO 89 


YGL011C 


6.14 


SEQ ID NO 91 


YGL031C 


0.11 


SEQ ID NO 93 


YGL032C 


0.14 


SEQ ID NO 95 


YGL043W 


10.74 


SEQ ID NO 97 


YGL102C 


0.15 


SEQ ID NO 99 


YGL103W 


0.17 


SEQ ID NO 101 


YGL130W 


8.35 


SEQ ID NO 103 
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\ / X"X 1 a A ~~7 /"^ 

YGL147C 


a aa 

0.08 


oca in ma 1 
obU IU NU 1UO 


YGL213C 


A AO. 

6.02 


OCA 1 P\ MA A A7 

obU IU NU 111/ 


\/X"» ■ AOC%A/ 

YGL235W 


D.23 


CCA |p\ MO H AQ 

obU IU nu iuy 


YGL260W 


6.61 


oca tr\ MA A A A 

SbQ IU NU m 


r"% ao it x"* 

YGR085C 


a h 0 

0.16 


oca inv ma 4 -t 0 
SEQ IU NU Ho 


YGR118W 


0. a t 

0.17 


A ^ X-N ipx k |A 4 A r- 

SEQ IU NU 1 15 


YGR142W 


8.91 


oro 1 r-x a 10 a a -7 

SEQ IU NU 11/ 


X XX"* l""X A A A 

YGR236C 


•4 O "7 O 

12.72 


OCA 1 1"^ MA a a c\ 

SEQ IU NU 119 


YGR277C 


6.27 


SEQ IU NU 121 


YGR284C 


5.95 


SEQ IU NU 12o 


YGR285C 


5.84 


ATA ir% MA A oc 

SEQ IU NU Izo 


YHR010W 


XX XX A 

0.20 


OCA in MA 4 07 

SEQ IU NU 12/ 


\ x 1 1 T~\ A A A /"> 

YHR021C 


A a r? 

0.16 


OCA MA dOQ 

SEQ IU NU 12y 


YHR141C 


A 4 A 

0.10 


OCA MA lOi 

SEQ IU NU To! 


YHR217C 


—j a 

7.6 


oca ir\ ma 100 
SEQ IU NU loo 


YIL1 12W 


11.15 


SEQ IU NU loo 


YIL1 15C 


—r a —7 

7.67 


OC/^ I r*\ MA A 0"7 

SEQ IU NU 1o/ 


XXII A A ri\ A / 

YIL148W 


XX «4 O 

0.13 


OCA MA W OA 

SEQ IU NU 139 


XXII A f* A 

YIL150C 


A no 

6.83 


OCA m MA A A ■A 

SEQ IU NU 141 


XXII Jk XX -»1 A 1 

YIL167W 


6.66 


OCA \V\ MA A A O 

SEQ IU NU 14o 


XX II AA ill Af 

YJL034W 


A A XX A\ 

11.61 


OCA 1 A M^"\ A AC 

SEQ IU NU 145 


YJL035C 


A A AO 

14.48 


OCA MA 4/17 

SEQ IU NU 14/ 


xx ■■ /*x —r /*x 

YJL070C 


r" AA 

5.29 


SEQ IU NU 149 


XX II A - TAX^ 

YJL078C 


r— <* XX 

5.16 


OCA MA A d A 

SEQ IU NU 151 


\X II J —f f~\ \ A 1 

YJL179W 


0.19 


OCA 1 MA -ICO 

SEQ IU NU loo 


XXII A A A X"V 

YJL180C 


0.14 


O C/""\ 1 r™\ K H cc 

SEQ IU NU 155 


YJL181W 


A A «4 

0.21 


OCA 1 f~\ MA A. CZ~7 

SEQ IU NU 157 


YJL187C 


0.17 


XX I— X*\ ll-X 11 A A CA 

SEQ ID NO 159 


xxii a r\ r\ X"x 

YJL188C 


A A 

0.1 


OCA 1 A M/""\ A CI A 

SEQ IU NO 161 


XX II ,4 A Al A f 

YJL189W 


A AO 

0.08 


OCA in M/""\ A CO 

SEQ IU NU 163 


\X II A AAA 

YJL190C 


A A A 

0.09 


oca 1 r"\ k \f~\ Acta 

SEQ IU NU loo 


XXII A /\"TI A f 

YJL197W 


O A O 

0.13 


OCA lf-\ MA A CZ~7 

SEQ IU NU 16/ 


XXII Jt X\ A » A 1 

YJL198W 


A A 

0.2 


0 r~" /~\ ir\ ma a 0 a 

SEQ ID NO 169 


XX IOA >l A A 

YJR049C 


A A —7 

0.17 


OCA in MA A ~7 A 

SEQ IU NO 1/1 


\/|/p»AA A X"^ 

YKR094C 


f\ A A 

0.14 


OCA ir\ MA A TO 

SEQ IU NU 1 /o 


XXI l""X XX >| AX"^ 

YLR040C 


A A «4 O 

10.13 


oc/-\ 1 r~\ ma ^7c 

SEQ IU NU 175 


xxi a i ni a / 

YLR048W 


8.55 


O C/*"\ 1 n K 1 S~\ A "7 7 

SEQ IU NU 177 


XXI |-~\ A O O \ A / 

YLR088W 


A A A 

6.09 


Or~/"\ MA A "7 A 

SEQ ID NO 179 


X XI I - % f XXI A f 

YLR159W 


0.18 


rx r— x-\ 1 r-\ kia AOA 

SEQ ID NO 181 


X XI 1™^ »4 A T\ A 1 

YLR167W 


A A/"> 

0.06 


OC^"\ 1 r*\ MA A OO 

SEQ ID NO 1oo 


XXI nA^tAl Al 

YLR232W 


7.4 


0 r - x"x 1 r\ k 1 /~\ a oc 

SEQ ID NO 185 


xxi r™»Aoox"N 

YLR233C 


—7 AO 

7.63 


OCA tr\ MA A 0~7 

SEQ ID NO 187 


xxi XX A A \ A 1 

YLR234W 


5.68 


xx 1 — x-v »g-\ k 1 A A OA 

SEQ ID NO 189 


YLR238W 


6.74 


C"»r~x*> irx ma a r\A 

SEQ ID NO 191 


VXI t~*k A A A \ A / 

YLR241W 


A /I O 

6.48 


0 c/**v 1 r\ K 4 AO 

SEQ ID NO 193 


XXI A J X"\ 

YLR321C 


12.17 


SEQ ID NO 195 


VI D700\A/ 
YLKO^iZVV 




oca in MO 1Q7 


YLR325C 


0.06 


SEQ ID NO 199 


YLR344W 


0.12 


SEQ ID NO 201 


YLR367W 


0.19 


SEQ ID NO 203 


YLR393W 


7.05 


SEQ ID NO 205 


YLR423C 


8.61 


SEQ ID NO 207 


YML026C 


0.11 


SEQ ID NO 209 


YML063W 


0.16 


SEQ ID NO 211 
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YML128C 


5.1 


ocn in mo 91^ 

OtU IU INU Z IO 


V A R || *J AX A"N 

YML130C 


C A A 

5.41 


cca m mo 9m 
otU IU INU Z IO 


YMR022W 


Ct AC 

D.45 


CCA in MO 91T 
OuU IU INU Z I 1 


X /I A W~ \ At A. f% /"X 

YMR118C 


£-•4 0 

5.1 o 


ccn in mo 91 q 

OtU IU INU Z 1x7 


YMR143W 


0.08 


CCA m MO 991 
otU IU INU ZZ I 


YMR174C 


A> ~7 £~ 
6.75 


ccA m mo 99^ 
0 tU IU INU ZZo 


YMR191W 


AX CO 

9.55 


CCA m MO 99^ 
OtU IU INU *Ca£D 


YMR230W 


0.13 


CCA in MO 997 
otU IU l\U ZZ/ 


YNL054W 


5.19 


CCA in MO 99Q 

otU iu inu zzy 


\/k || AX ax A f 

YNL067W 


0.12 


oca in MA 9^1 
otU IU INU Zo I 


YNL075W 


0.16 


CCA in MA 9QO 

otU IU InU Zoo 


\ >k ii /-\ ax ax a - ** 
YNL096C 


f\ A A 

0.14 


CCA in MA D1R 
OtU IU INU ZOO 


YNL162W 


0.07 


CCA in MA 0*X7 
otU IU INU ZOf 


YNL178W 


A A 

0.1 1 


OCA in MA 9^Q 
otU IU INU Zoy 


\ m %. i ■ a\ <■> ax a"x 

YNL182C 


r\ a 0 
0.18 


CCA in MA 941 
obU IU INU I 


YNL190W 


0.07 


CCA in MA OA'X 
obU IU INU 4±ho 


x /k i ■ ax ax ni A I 

YNL208W 


5.87 


OCA in MA OAR 
obU IU INU Z*lO 


\/. ii A<l Al Af 

YNL210W 


0.02 


OCA in MA OA~7 
obU IU INU Z*t/ 


X //*V ■ AN AX j< A"" \ 

YOL031C 


5.32 


OCA in MA 9AQ 

otu iu inu zny 


YOL048C 


A A *j A 

14.34 


OCA IP* MA 0*x1 

otU IU NU ZD i 


YOR010C 


7.27 


OCA MA OCQ 

obU IU INU ZOO 


YOR019W 


5.19 


OCA in* KIA fx 

bbU IU NU ZOO 


YOR027W 


A> AX AX 

6.03 


OCA in MA OR7 
otU IU INU ZO/ 


YOR031W 


5.35 


OCA I H\ MA OCQ 

otu IU inu zoy 


X r A"X 1 — 1 /-v /-\ /-> \ A I 

YOR096W 


AX <4 AX 

0.12 


OCA in MA 9£x1 

otU IU INU zon 


YOR248W 


AX «4 O 

0.18 


OCA ir\ MA OfiQ 

otU IU INU ZDo 


x x A*x r**x AX niii 

YOR293W 


f\ A A 

0.1 1 


OCA in MA 9ftf^ 
i OtU IU INU ZDO 


YOR312C 


AX ,4 AX 

0.12 


OCA in MA 9fi"7 
OtU IU INU ZD/ 


x / r~\ ^x ax AX a*x 

YOR369C 


AX AX 

0.21 


OCA in MA OfxQ 

otu iu inu zoy 


VP I H/17\A/ 


0. \j<j 


SEO ID NO 271 


YPL090C 


0.1 


SEQ ID NO 273 


YPL137C 


10.41 


SEQ ID NO 275 


YPL159C 


5.61 


SEQ ID NO 277 


YPL175W 


5.95 


SEQ ID NO 279 


YPL180W 


7.68 


SEQ ID NO 281 


YPL218W 


6.26 


SEQ ID NO 283 


YPR102C 


0.17 


SEQ ID NO 285 
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Table 2. 



ORF ' 


Qt 


Sequence ID Number 


i YGR236C 


7.25 


SEQ ID NO 119 


YDR442W 


0.049 I 


SEQ ID NO 459 


YGR182C 


0.602 


SEQ ID NO 467 


YGR106C 


0.478 


SEQ ID NO 465 


YKR040C 


2.23 


SEQ ID NO 471 


YJL188C 


0.075 


SEQ ID NO 161 


YOR096W 


0.067 


SEQ ID NO 261 


YOR293W 


0.107 


SEQ ID NO 265 


YDR450W 


j 0.056 


SEQ ID NO 63 


YML026C 


0.051 


SEQ ID NO 209 


YHR021C 


0.114 


SEQ ID NO 129 


YLR167W 


0.033 


SEQ ID NO 183 


YGL147C 


0.061 


SEQ ID NO 105 


YGR085C 


0.107 


SEQ ID NO 463 


YOR312C 


0.083 


SEQ ID NO 267 


YOL127W 


0.101 


SEQ ID NO 473 


YHR010W 

1 1 1 I X V ■ XV V w 


0.077 


SEQ ID NO 127 


YDR471W 


0.046 


SEQ ID NO 65 


YDL191W 


0.128 


SEQ ID NO 49 


YDL136W 


0.125 


SEQ ID NO 43 


YLR325C 


0.061 


SEQ ID NO 199 


YJL189W 


0.07 


SEQ ID NO 163 


YIL148W 


0.145 


SEQ ID NO 139 


YHR141C 


0.069 


SEQ ID NO 131 


YBL003C 


0.119 


SEQ ID NO 457 


YDR529C 


0.352 


SEQ ID NO 461 


YGR183C 


0.781 


SEQ ID NO 469 1 
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